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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Rebtad Applications 
This api^ication is a oontinuation-in-part of U.S. utility application serial number 
09/454,139, attorney dodcet number 25791.3.02, filed on 12/3/1999. which claimed the 
5 benefit of the filing date of U.S. pro^sionat patent application serial numbef 

60/1 1 1,293. attorney dodwt number 25791.3, filed on 12/7/1998. the disclosures of 
which are incorporated herein by reference. 

TMs application is related to the following: (1) U.S. patent applcation serial no. 
09/454,139, atlomey dodwt no. 25791.03.02, filed on 12/3/1999. (2) U.S. patent 

10 application serial no. 09/51 0.913. attorney docket no. 257917.02. filed on 2/23/2000. 
(3) U.S; patent application serial no. 09/502,350. attorn^ docket no. 25701 .8.02, filed 
on 2/10/2000, (4) U.S. patent applteation serial no. 09/440,338. attorney docket no. 
25791 .9.02. filed on 1 1/15/1 999, (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25791 .1 1 .02. filed on 3/10/2000. (6) U.S. patent applicatton serial 

15 no. 09/512.895. atlomey docket no. 25791.12.02, filed on 2/24/2000. (7) U.S. patent 
applteatton serial no. 09/51 1 .941 , attorney docket no. 25791 .16.02, filed on 2/24/2000. 
(8) U.S. patent appllcatkm serial no. 09/588.946, attorney docket no. 25791.17.02. filed 
on 6/7/2000, (9) U.S. patent applicatkm serial no. 09/559,122. attorney docket no. 
25791.23.02. filed on 4/26/2000, (10) PCT patent application serial no. 

20 PCT/U800/1B635, attorney docket no. 25791.25.02, fled on 7/9/20Q0, (11) U.S. 

proviskMial patent application serial no. 60/162,671, attorney docket no. 25791 .27, filed 
on 11/1/1999, (12) U.S. proviskxial patent appHcation serial no. 60/154,047. attorney 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. proviskmal patent application serial 
no. 60/159,082. attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. 

25 provisional patent applicatkxi serial no. 60/159,039, attorney docket no. 25791 .36. filed 
on 10/12/1999, (15) U.S. pravistonal patent appBcab'on serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. providonal patent appGcatlon serial 
no. 60/212.359, attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165,228. attorney docket no. 25791 .39. filed on 

30 11/12/1999, (18) U.S. provisional patent applteation serial no. 60/221,443. attorney 
docket no. 25791.45, filed on 7/28/2000. (19) U.S. proviskmal patent application serial 
no. 60/221.645, attorney docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional 
patent appllcatton serial no. 60/233,638, attorney docket no. 25791 .47, filed on 
9/18/2000. (21) U.S. provistonal patent application serial no. 60/237.334. attorney 

35 dockets. 25791 .48, filed on 10/2/2000, and (22) U.S. provistonal patent appUcatton 



serial no. 6(W262,434. attorney docket no. 25791.51, filed on 1/17/2001. the disdoeures 
of wMch are Incorporated herein reference. 

Bad^round of the invention 

This invention relates generally to wellbore casings, and in particular to welitxm 
casings that are fomied using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are instafled In 
the borehole to prevent collapse of the borehole vraH and to prevent undesired outflow 
of drilling fluid into the fonnation or inflow of fluid from the fomatlon into the borehole. 
The borehole is drilled In Intervals whereby a casing which is to be installed in a lower 
borehole interval is lowered through a previously installed casing of an upper borehole 
interval. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper interval. Thus, the casings are in a 
nested arrangenient virfth casing diameters decreasing in downward direction. Cement 
annuo are pro^nctod between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of thte nwted arrangement 
a rslativeiy large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter.lnvolves increased costs due to heavy casing handling 
equipment, large drill bite and increased volumes of driilbig fluid and drlH cutifrigs. 
Moreover, increased drilling rig tirne is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variations in hole 
diametere drilted in the course of the weD. and the large volume of cuttings driled and 
ramoved. 

The present invention is directed to overcoming one or more of the limitations of 
the existing procedures for fbnning new sections of casing in a wellbore. 

Summary of the invention 

AcconJing to one aspect of the present Invenlfon, an apparatus for forming a 
weDbOTB casing In a borehote located in a subtenanean fbmwtion including a 
preexisting wellbore casing is provided that includes a support member including a first 
fliW passage, an expansion cone coupled to the support member including a sectxid 
fluid passage fluididy coupled to the firet fluid passage, an expandabte tubular liner 
movably coupled to the expanston cone, and an expandatrie shoe coupled to the 
expandable tubtdar liner. 

According to another aspect of the present invention, e shoe is provided that, 
includes an upper annular portion, an intennediate annular portton. and a lower annular 
portion. The intermediate annular portion has an outer drcumference that is larger 
than the outer drcumferenoes of the upper and lower annular portions. 
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Acoording to another aspect of the present invention, a niethod of fonnning a 
wellt)Ofe casing in a subterranean formation having a preexisting weilbore casing 
positioned In a l)orehoie is provided that includes instaliing a tubular liner, an expansion 
cone, and a shoe in the borehole, radiaiiy expanding at least a portion of the shoe by 

5 injecting a fluidic materiai into the shoe, and radiaiiy expanding at least a portion of the ^,r^ 
tubular iiner by injecting a fluidic material into the borehole below the expansion cone. 

Acoording to another aspect of the present invention, an apparatus for forming • ' 
a weilbore casing in a subterranean fbmiation having a preexisting weilbore casing j^r 
positioned In a borehole is provided that includes means for Instelling a tubular iinerr^o^ 

10 expansion cone, and a shoe in the borehole, means for redlally expanding at least a 
portion of the shoe, and means for radiaiiy expanding at least a portion of the tubular 
liner. 

Acoording to another aspect of the present Invention, an apparatus for fomning 
a weilbore casing within a subterranean formatton induding a preexisting vmllbore 

15 casing positioned In a borehole is provided that Indudes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting wefibore casing. The inside diameter of the radiaiiy expanded tubular liner 
is substentially equal to the inside diameter of a non-overlapping portion of the 
preexisfing weilbore casing. 

20 Acoording to anotiier asped of the present invention, a weilbore casing 

positioned in a borehote wittiin a subterranean fbnnaflon is provided that includes a first 
weHbore casing, and a second weilbore casing coupted to and dveriapping vMh ttie firet 
weObore casing. The second weUbore casing is coupled to ttw first 
the process o^ instalRng tiie second weilbore casing, an expansion oorie. and a shoe in 

25 the borehoto, radially expanding at least a portion oftt^ shoe by injecting a fto^^ 

mateftel into the shoe, and radiaiiy expanding at least a portion of Vhe second wellbwe 
casing by injecting a fluidic material into the borehole below ttie expansion cone. 

According to another asped of ttie present invention, a rmthod of fbmiing a 
tubular structure in a subterranean formation having a preexisting tubular member 

30 positioned in a borehole is provided tiiat indudes instelling a tubular liner, an expansion 
cone, and a shoe in tiie borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by Injecting a fluidic rrmterial into tiie borehole below tiie expansion cone. 
According to another asped of tiie present invention, an apparatus for forming 

35 a tubular structure in a subterranean fomnation having a preexisting tubutar member 
positioned In a borehote is provided ttiat indudes means for lnstaHIng a tubuter iiner, an 
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ex|Minsion oone. and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for fbnming 

5 a tubular structure within a subterranean fomnation including a preexisting tubular 

member positioned in a borehole is provided that includes a lubular liner and means for 
radially expanding and cwpling the tidbuiar Bner to an overlapping portion of the 
preexisting tubular nrMmber. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter (rf a non-overlapping portion of the 

10 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned In a borehole within a subtenanean fbnnatlon b provided that Includes a first 
tubular memt>er and a second tubular member coupled to and overlapping with the first 
tubular member. The second tubular rr^mber is coupled to the first tubular member by 

IS the process of: Installing the second tubular memt)er, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion df the shoe tiy injecting a fluldic 
material into the shoe, and radially expanding at least a portion of the second tubular 
member by injecting a fluldic material into the borehole below the expansion cone. 

Brief Description of the Drawings 

20 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 b a fragmentary cross-sectional view illustrating the plaoembnt of an 
emtxxliment of an apparatus for creating a moncHliameter weilbore casing within the 
new section of the weD borehole of RG. 1. 

25 FIG. 2a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG.Z 

FIG. 2b is a cross-sectionai view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-secUonal view of another portion of the shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional view of another portion of the shoe'of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2c. 
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FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
hardenat)le fluidDc sealing material through the apparatus and into tfte new section of 
the well tx)rehole of FIG. 2. 

FIG. 3a Is a cross-secHonal view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary cross-secUonai view illustrating the inJecHon of a fluidic 
matwial into the apparatus of FIG. 3 in order to fluididy bolate the interior of the shoe. 
10 RG. 4a is a cross-secUonal view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG, 5 is a ooss-sectlonal view iliustarating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view Illustrating the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-secUonal view Illustrating the expansion of the expandable 
expanston cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-secttonal view illustrating the injection of fluidic rrateriai into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 Is a cross-secHonai view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional view illustrating the removal of the t>ottom portion of 
25 the radially expanded shoe of the apparatus of FIO. 9. 

FIG. 1 1 is a cross-sectional view illustrating the formation of a mono^iameter 
weHbore casing that includes a plurality of overlapping mono-diameter wdlbore 
casings. 

FIG. 12 is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a mono-diameter w^lbore casing 
within the welibore of FIG. 1 . 

FIG. 12a is a cross-secUonal view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 12. 
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FIG. 12c is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12; 

FIG. 12dtsacrc)ss-8ectionalvtowof another portion of the shoe of the 
apparatusof FIG. 12. 
S FIG. 1 3 is a fragmentary cross-secfonal view illustrating the injectton of a 

hardenable fluicfic sealing material through the apparatus and into the new section of 
the weH borehole of FIG. 12. 

FIG. 13a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 14 is a fragmentary cross-sectional view illustrating the Injection of a fiuldic 

material into the apparatus of FIG. 13 in order to fluldldy isolate the intertor of the shoe. 

FIG. 14a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-secHonai view illustrating the radial expansion of the shoe of 
15 FIG. 14- 

FIG. 1 6 is a cross-secUonal view illustrating the lowering of the expandable 
expansion oone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 16. 
20 FIG. 1 8 Is a cross-sectional view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 Is a cross-sectional view Illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIQ. 1 8. 

FIG. 20 is a cross-sectional view illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Illustrative Embodirnenis 
Referring initially to FIGS. 1 , 2. 2a, 2b, 2c. 2d, 2e, 3, 3a, 3b, 4, 4a, 4b, and 5- 
1 0, an embodiment of an apparatus and method for fbmiing a monoKliameter wellbore 
casing wItNn a subtenranean fbnnation will now be described. As illustrated in Fig. 1 , a 
30 wellbore 100 is positioned in a subterranean formation 105. The wellbore 100 includes 
a pre-existing cased section 110 having a tubular casing 1 15 and an annular outer 
layer 120 of a fluidic sealing material such as, for example, cement. The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several attemaflve 
embodbnents. the predating cased section 110 does not include the annular outer 
35 layer 120. 
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In order to extend the wellbore 1 00 into the subtenanean formation 105, a drill 
string 125 Is used In a well known manner to drill out material ftom the subterranean 
formation 105 to fomn a new wellbore section 130. In a preferred embodiment, the 
Inside diameter of the new wellbore section 130 is greater than the inside diameter of 
5 the preexisting wellbore casing 115. 

As nii^trated in FIGS. 2. 2a, 2b, 2c 2d, and 2e, an apparatus 200 for fbmrring a 
wellbore casing in a subterranean fonmatton is then positioned in the new sectton 130 
of the wellbore 100. The apparatus 200 preferably includes an expanston oone 205 
having a fluid passage 20Sa that supports a tubular member 210 that includes a lower 
10 portion 210a, an intennediate portion 210b, an upper portion 210c, and an upper end 
portion 210d. 

The expansion cone 205 may be any number of conventional commercjatly 
avaiiabie expansion cones. In several alternative embodiments, the expansion cone 
205 may be controliably expandable in the radial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348,095, and/or 6,01 2,523, the disclosures of which are 
Incorporated herein by reference. 

The tubular member 210 may be febricated from any number of conventional 
commercially available materials such as, for example, Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a prefened 

20 embodiment, the tubular memt)er 21 0 Is febricated from OCTG in order to maximize 
strength after expand. In several altamative embodiments, the tubular member 210 
may be solid and/or slotted. For typical tubular memt>er 210 materials, the length of 
the tubular member 210 is pr^raUy limited to between about 40 to 20.000 feet in 
length. 

25 The lower portion 210a of the tubular member 210 preferably has a larger 

inside diameter than the upper portion 210c of the tubular member. In a prefened 
embodiment, the wall thickness of the Intermediate portion 210b of the tubular member 
201 is less than the wall thidcness of the upper portion 210c of the tubular member in 
order to facniiate the initiation of the radial expansion process, inaprafemed 

30 embodiment the upper end portion 210d of the tubular member 210 Is slotted, 

perforated, or otherwise modified to catch or slow down the expansion cone 205 when 
K completes the extoision of tububr member 210. In a preferred embodiment, wall 
thickness of the upper end portk3n 21 Od of the tubular memt>er 21 D is gradually tapered 
in order to gradually reduce the required radial expansion forces during the latter 

35 steges of the radial expanston process. In this manner, shock loading conditions 
during the latter stages of the racfiai expartsion process are at least minimized. 
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A shoe 215 is coupled to the lower portion 210a of the tubular mm The . 
shoe 215 includes an upper portion 215a, an intenmediate portion 215b» and lower 
portion 215c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug, dart, or other similar element for oontrollably sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 may be opUmaliy sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c, of the shoe 215 are preferably 
substantially tubular, arid the intemwdiate portion 215b of the shoe is pr^erably at 
least partially folded inwardly. Furthermore. In a preferred embodiment, when the 

10 intennediate portion 21Sb (rf the shoe 215 to unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intenrmdiate portion are preferably both greater than the inside and outside diameters 
of the upper and lower portions, 215a and 21 5c. In thte manner, the outer 
circumference of the intermediate portion 21 5b of the shoe 21 5 is preferably greater 

15 than the outside drciHnfersnces of the upper and lower portions, 21 5a and 21 5b, of the 
shoe. 

In a prefen^ embodiment, the shoe 21 5 further includes one or more ttirough 
and side outlet ports in fluidic communication with the fluid passage 220. In this 
manner, the shoe 215 optimally injects hardenable fluidic eealing material into the 

20 region outside the shoe 215 and tubular member 210. 

In an altemative embodiment, the flow passage 220 Is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
expansion cone 205 for supporting the apparatus 200. The fhijid passage 225a Is 
preferably fliadidy coupled to the fluid passage 205a. In this manner, fluidic materials 

25 may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bUiom of the shoe 215. The fluid passage 225b Is prefarably fluidldy coupled to 
the fluid passage 2258 and Includes e oonventional control vahm. In this manner, 
during placement of the apparatus 200 within ttie weObore 100, surge pressures can be 
relieved by the fluid passage 22Sb. in a preferred embodiment, the support memt>er 

30 225 further includes one or more oonventional centrallzers (not illustrated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100. ttie fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or formation fluids at flow rates and pressures ranging from about 0 to 3.000 

35 gallons/Mnute and 0 to 0,000 psi In order to minimize drag on the tubular member 
being run and to minimize surge pressures exerted on the wellbore 1 3ti which could 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellk)ore 100, the fluid passage 22Sb is preferably selected to 
convey fiuidic niaterials at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi in order to reduce the drag on the apparatus 200 

5 during Insertion into the new section 1 30 of the wellbore 100 and to mhfiimize surge 
pressures on the new wellbore section 130. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional oommerdaHy available cup seals such as, for example, TP 
cups, or Selective Injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a prefened embodiment, the cup seal 235 te a 
SIP cup sral, available from Halliburton Energy Sen/lces in Dallas, TX In order to 
optimally blodc foreign material and contain a body of lubricant In several alternative 

15 embodiments, tf>e cup seal 235 may include a plurality of cup seals. 

One or more sealing numbers 240 are preferably coupled to and supported by 
the exterior surface of the upper end portion 210d of the tubular member 210. The 
sealing members 240 preferably provide an overtapping Joint between the lower end 
portion 1 15a of the casing 115 and the upper end portton 210d of the tubular member 

20 210. The sealing members 240 may be any number of ^mgntional commercially 
available seals such as, for example, lead, rubber, Tefloij^or epoxy seals modified hi 
accordance with the teachings of the present disclosure. In a preferred embodiment, 
the sealing members 240 are moMed from Stratalock epc»(y availabte from Halliburton 
Energy Services in Delist, TX in order to optimally provide a load bearing interference 

25 fit between the upper end portton 210d of the tubular member 210 and the lower end 
portion 1 15a of the existing casing 1 15. 

in a preferred enrtf)odlment, the sealir^ members 240 are selected to optimally 
provide a sufRdent fictional force to support the expanded tubular member 210 from 
the existing casing 1 15. In a prefened embodiment, the friciionai force optimally 

30 provided by the sealing memt)ers 240 ranges from about 1.000 to 1,000,000 tbf in 
order to optimally support the expanded tubular member 210. 

In an altemative embodiment the sealing memt)erB 240 are omitted from the 
upper end portion 210d <rf ttie tutnilar member 210, and a load bearing metaj-to-metal 
interference fit is provided between upper erxl portion of the tubular member and the 

35 lower end portion 1 15a of the existing casing 1 15 by plastically deforming and radially 
expanding the tubular member into contact with the existing casing. 
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In a preferred embodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion oone 205 within the interior of the tubular member 210. In 
this manner, the extruston of the tubular member 210 oTf of the expansion oone 205 Is 
feicaitated. The lubricant 245 may be any number of conventional commercially 

5 available lubricants such as, for exarTq)le. LuMp^M chlortne based lubricants, oil 
based lubrteints or Oimax 1500 Antisleze (3100). In a prefenned embodiment, the 
lubricant 245 is Climax 1500 Antisien (3100) available from Climax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide optimum lubrication to 
tadlitate the expansion process. 

10 In a prefBrrad embodiment, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material Into the apparatus 200 is mirdmlzed. This minimizes the 
possibility of foreign material clogging the various flow passages and yalves of the 
apparatus 200. 

15 In a prsfenred embodiment, before or after positioning the apparatus 200 within 

the new section 130 of the wellbore 100, a couple of wellbore volumes are circulated In 
order to ensure that no foreign materials are located within the wellbore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a pr^erred embodiment, during placement 

of the apparatus 200 within the wellbore 100. fluidic materials 250 within the weBbore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
pessages 220. 205a, 225a, and 225b. In this manner^ surge pressures created by the 
placement of the apparatos within the wellbore 100 are reduced. 

25 As Hlustratad in FIGS. 3, 3a, and 3b, the fluid passage 225b is then dosed and 

a hardenable fluldic sealing material 255 is then pumped from a surteoe location Into 
the fluid passages 225b and 205a. The material 255 then passes from the fluid 
passage 205a into the interior regton 230 of the shoe 215 below the expansion oone 
205. The material 255 then passes from the biterior rsgion 230 into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 21 0 and the Interior wall of the new section 
130 of the wellbore 100. Continued pumping erf the material 255 causes the material to 
fill up at least a portion of the annular region 260. 

The material 255 Is preferably pumped into the annular region 260 at pressures 

35 and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1 ^500 

gallons/min, respectively. The optimum flow rate and operating pressures vary as a 
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function of the casing and wellbore sizes, wellbore section length, available pumping 
eqiripment, and fluid properties of the fluidic material being pumped. The optimum flow 
rata and operating pressure are preferably detemiined using oonventionai empirical 
methods* 

5 The hardenable fluidic sealing material 2SS may be any number of conventional 

. commerdaiiy availatrfe hardenable fluidic sealing materials such as, for example,.slag 
mbc cement, latex or epoxy. in a prefened embodiment, the hardenable fluidio sealing 
material 255 a blended cement prspared specifically for the particular well section 
being drilled from Hainburton Energy Sendees In Dallas. TX In order to provide optimal 

10 support for tubular member 210 whDe also matntaMng optimum flow diaraderistics so 
as to minimize difficulties during the di^lacement of cement in the annular region 260. 
The optimimi blend of the blended cement is prsferably determined using conventional 
empirical methods. In several alternative embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

1 5 The annular regton 260 preferably is filled witti the material 255 In sufflcient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

in an alternative embodiment, the injection of the material 255 into the annular 
20 region 260 is omitted, or is provided after the radial expansion of the tubular memt)er 
210. 

As illustrated in FIGS. 4. 4a, and 4b, once the annular region 260 has been 
adequately filled with the material 255. a (dug 265, or other similar device, is introduced 
into the fluid passage 220, thereby fluididy isolating the interior regton 230 from the 

25 annular region 260. in a preferred embodiment, a non-hardenabie fluidic material 270 
is then pumped into the interior region 230 causing the interior region to pressurize. In 
this manner, the Interior region 230 of the expanded tubular member 210 wiO not 
contain significant amounte of the cured material 255. This also reduces and simplifies 
the cost of the entire process. Altematively, the material 255 may be used during this 

30 phase of the process. 

As illustFated in FIG. 5, in a preferred embodiment, the continued injection of 
the fiuidic material 270 pressurizes the region 230 and unfolds the intermediate portion 
21 5b of the shoe 215. In a preferred embodiment, the outside diameter of the unfolded 
intenmediate portion 215b of the shoe 215 is greater than the outelde diameter of the 

35 upper and lower portions, 215a and 21 Sb, of the shoe. In a preferred embodiment, the 
inside end outside diameters of the unfolded intennediate portion 215b of the shoe 215 
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BiB greater than the inside and outside diameters, respectively, of the upper and lower 
portions, 21Sa and 215b, of the shoe. In a preferred embodiment, the inside diameter 
of the unfolded intemnediate portion 215b of the shoe 215 is substantially equal to or 
grejatsr than the inside dianneter of the preexisting casing 1 15 in order to optimally 

5 fadUtate the formation of a mono-diameter wellbore cashg. 

As illustrated in FIG. 6, in a preferred embodiment, the expanston cone 205 is 
then lowared into the unfolded Intermediate portion 215b of the shoe 215. In a 
preferred embodiment, the expansion cone 205 is lovvered into the unfolded 
intemiedlate portion 215b of the shoe 215 until the bottom of the expansion cone is 

10 proximate the lower portion 21 5c of the shoe 21 5. In a preferred embodiment, during 
the lowering of the expansion cone 205 into the unfolded intennedlate portion 21 5b of 
the shoe 21 5, the material 255 within the annular region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially stationary position. 
As illustrated in FIG. 7, in a preferred embodiment, the outside diamet^ of the 

15 expansion cone 205 is then Increased. In a preferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523, the disclosures of which are incorporate herein by 
reference. In a prelenBd embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the inside cRameter of the preexisting 

20 wellbore casing 115. 

In an alternative embodlnnent, the expansion cone 205 is not lowered.into the 
radially expanded portion of the shoe 21 5 prior to being radially expanded. In this 
manner, the upper portion 21 Oc of the shoe 210 may be radially expanded by the radial 
expansion of the expansion oone 205. 

25 In another aKemative emtxxliment, the expansion cone 205 is not radially 

expanded. 

As Illustrated In FIG. 8, In a prefened embodiment, a fluidic material 275 is then 
injected into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, once the interior region 230 becomes sufficiently pressurized, the upper 

30 portion 21 5a (rf the shoe 215 and the tubular member 21 0 are preferably plastically 
deformed, radially expanded, and extruded off of the expansion oone 205. 
Furthermore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular merriber and the lower portion of the 
preexisting casing 115 that overlap with one anc^r are simultaneously plasticaliy 

35 defomied and radially expanded, in this manner, a mono-diameter wellbore casing 
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may be formed that indudes the preexisting wellbore casing 1 1S and the radially 
expanded tubular member 21 0. 

During the exlmdon process, the expansion cone 205 may be raised out oT the 
expanded portion of the tubidar number 21 0« in a preferred embodiment during the 
5 extnmlon process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded in order to l(eep the tubular member 21 0 
stationary relative to the new vveiibors section 130. In this manner, an overlapping Joint 
beferaen the radisrily expanded tubular member 210 and the knwer portion of the 
preexisting casing 115 may be opHmaily fonned. In an altemattve preferred 

10 embodiment, the expansion oone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellborB section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a prefened embodiment when the upper end portion 21 Od of the tubular 

1 5 member 21 0 and the tower portion of the preexisting casng 1 1 5 that overlap with one 
another are plastically defonmed and radially expanded by the expansion cone 205, the 
expanston oone 205 is <teplaoed out of the wellbore 100 by both the operating 
pressunB within the region 230 and a upwardly directed axial force applied to 
tubular support member 225. 

20 The overiapping Joint between the lower portion of the preexisting casing 115 

and the radially expanded tubular member 210 preferably provides a gaseous and 
fluMio seal. In a particularty prefened embodiment, the sealing membons 245 optimally 
provide a fluidic and gaseous seal in the overiapping Joint In an alternative 
embodiment, the sealing members 245 are dmilted. 

25 In a preferred embodiment the operating prassurs and flow rate of the fluidic 

material 275 is controllably ramped down when the expansion oone 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the complete extrusion of the tubular nneniitier 210 off of tto 
expansion cone 205 can be mininrized. in a prefened embodiment the operating 

30 pressure is reduced in a substantially linear feshlon from 100% to about 10% during 
ttie end of the extrusion process beginning when the expansion oone 205 is within 
atx>ut 5 feet from completion of the extrusion process. 

AHematively, or in combination, the wall thickness of the upper end portion 
210d of the tid)ular member is tapered in order to gradually reduce the required 

35 operating pressure for plastically deforming ami radially expanding the upper end 
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portion of the. tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided in the support 
member 225 in order to dtsorb the shock caused by the sudden release of pressure. 

5 The shock absorber may comprise, for example, any conventtonal oommerdally 
available shock absorber, bumper sub, or Jars adapted for use in wellbore operatk>ns. 

AHenDativeiy, or in combination, an expanston cone catching structure is 
provMed in the upper end portton 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 

10 In a prefened errtbodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effects upon the tubular member 210 during the expanston process. 
These effects will be depend upon the geometry of the expansion cone 205, the 
material composition of the tubular member 210 and expansion cone 205, the inner 
diameter of the tubular member 210, the wall thickness of the tubular menrd)er 210, the 

15 type of lubricant, and the yieM strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 21 0, then the greater the operating pressures required 
to exbxide the tubular member 21 0 off of the expanston cone 205. 

For typical tubular members 210, the extrusion of the tubular nnember 210 crff of 

20 the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

During'the extniskm process, the expansion cone 205 may be raised out of the 
expanded portkm of the tubular member 210 at rates ranging, for example, from about 
0 to 5 ft/sea in a prefened mnbodiment, during the extmston process, the expansion 

25 cone 205 is raised out ofthe expanded pOTtionofthe tubular number 210 at ra 

ranging fiiom about 0 to 2 Wsbc in order to minimize the time required for the expansion 
process while also penmitting easy control of the expansion process. 

As illustrated in FIG. 9, once the extmslon process is completed, the expanston 
cone 205 is removed from the wellbore 100. In a preferred embodiment, either before 

30 or after the removal of the expansion oone 205. the integrity of the fluklic seal of the 
overlapping Joint between the upper end portion 21 Od of the tubular memt>er 210 and 
the lower end portton 1 15a of the preexisting wellbore casing 115 is tested using 
oonvOTtkKial methods. 

In a prefened embodiment, if the flukiic seal of the overlapping Joint between 

35 the upper end portion 210d of the tubular niember 210 and the kTwer end portion 1 1 5a 
of the casing 1 1 5 is satisfactory, then any uncured portton of the material 255 within the 
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expanded tubular member 210 is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the iriterior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the weDbore section 130 
and a drill bit or rrrili Is used in combination with a conventional drilling assembly to drill 
5 out any hardened rnaterlal 255 vvithin the tubular rnember 210. Inaprefened 
embodiment, the material 255 within the annular region 260 is then allowed to fully 
on. 

As illustrated In FIG. 10, the bottom portion 21 5c of the shoe 21 5 may then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 

1 0 methods. The wellbofe 1 00 may then be extended in a conventional manner using a 
conventidnal drilling assembly. In a prefenred embodiment, the Inside diameter of the 
extended portion of the welibore 100 Is greater than the inside diameter of the radially 
expanded shoe 215. 

As iilustrated in FIG. 1 1, the method of FIGS. 1-10 may be repeatedly 

15 performed in order to provide a mono-diameter welibore casing that Includes 

overiapping weBbore casings 115 and 210a-210e. The welibore casing 1 15, and 210a- 
210e preferably include outer annular layers of fluldic sealing material. Altematlvely, 
the outer annular layers of fluidic sealing material may be omitted. In this manner, a 
mono-diameter welibore casing n>ay t>e formed within the subterranean formation that 

20 extends for tens of thousands of feet. More generally still, the teachings of FIGS. 1-1 1 
may be used to fbmn a nrxxKHllametar welltxm casing, a pipeline, a structural support, 
or a tunnel within a subtenranean fonraUon at any orientation from the vertical to ttie 
horizontal. 

In a preferrsd embodiment, the fbrnnation of a mono-diameter welibore casing, 
25 as illustrated In RGS. 1-1 1 , Is furtiier provided as disclosed in one or more of the 
following: (1) U.S. patent application serial no. 09/454,139, attorney docket no. 
25791.03.02, filed on 1^1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502.350, attorney docket no. 25791.8.02. filed on 2/10/2000, (4) U.S. patent 
30 appHcaflon serial no. 09/440,338, attorney docket no. 25791.9.02. filed on 11/15/1999. 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1.02, filed 
on 3/10/2000. (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000. (7) U.S. patent application serial no. 09/511.941. 
attorney docket no. 25791.16.02, filed on 2/24/2000. (8) U.S. patent application serial 
35 no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
appiteaUon serial no. 09/559.122. attorney docket no. 25791 .23.02, filed on 4/26/2000. 
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(10) PCT patent apprication serial no. PCTAJSOO/18635, attorney docket no. 
2579125.02, filed on 7/9^2000. (11) U.S. provisional patent application serial no. 
60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. provlstonal 
patent application serial no. 60/154,047, attorney docket no. 25791 .29, filed on 

5 9/16/1 999. (13) U.S. provisionai patent application serial no. 60/1 59,082, attorney 
docket no. 25791.34, filed on 10/12/1999. (14) U.S. provisional patent applkatkm serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
pro^kNial patent application serial no. 6Q/159,()33. attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provistonal patent applicatton serial no. 60/212,359. attoniey 

10 docket no. 25791 .38, filed on 6/19/2000, (17) U.S. provisional patent application serial 
no. 60/165.228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
provisional patent application serial no. 60/221 ,443, attorney docket no. 25791 .45, filed 
on 7/28/2000, (19) U.S. provisk>nal patent application serial no. 60/221,645, iattomey 
docket no. 25791 .46, filed en 7/28/2000, (20) U.S. provfstonal patent application serial 

15 no. 60/233,638, attorney docket no. 25791 .47, filed on 9/1 8/2000, (21 ) U.S. provlstonal 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
10/2/2000, and (22) U.S. provisional patent application serial no. 60/262.434, attorney 
docket no. 25791 .51 , filed on 1/1 7/2001 , the disctosures of whk:h are incorporated 
herein by reference. 

20 Referring to FIGS. 12, 12a, 12b. 12c and 12d, in an attemative eiTd)odiment, an 

apparatus 300 for fomdng a mono-diameter welltxm casing is positioned within ttra 
weiltxMB casing 115 that is substantially identical in design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 215. 

tn a preferred embodimenit, the shoe 305 includes an upper portion 305a, an 

25 intenmdlaie portion 3D5b. and a lower portion 305c having a valveable fluid passage 
310 that is prsfsrabiy adapted to receive a plug, dart, or other similar element for 
oontroflably seding ttie fluU passage 310. In this manner, the fluid passage 310 may 
be optimally sealed ofF by introducing a plug, dart and/or bail sealing elements Into ttie 
fluU passage 310. 

30 The upper and tower portions, 305a ar>d 305c, of the shoe 305 are preferably 

substantially tubular, and the intermediate portion 305b of the shoe Includes 
corrugations 305ba-305bh. Furthermore, in a preferred embodiment, when the 
Intennediate portion 305b of the shoe 305 is radially expanded by the application of 
fluid pressure to the interior 315 of the shoe 305. the inside and outside diameters of 

35 the radially expanded intennediate portion are preferably both greater than the inside 
and outsUe diameters of the upper and lower portions. 305a and 305c. in this manner. 



the outer circumference of the intermediate portion 305b of the shoe 305 is preferably 
greater than the outer circumferences of the upper and lower portions, 305a and 30Sc» 
of the shoe. 

In a preferred embodiment, the shoe 305 further includes one or more through 
5 and side outlet ports in flukiic communication with the fluid passage 310. In this 
manner, the shoe 305 optimally injects hardenabie fluidic sealing material into the 
region outside the shoe 305 iand tubular member 210. 

In an alternative embodiment the flow passage 31 0 is omitted. 

In a preferred embodiment, as illustrated in FIGS. 12 and 12d, during 
10 placement of the apparatus 300 within the wellbore 100, fiuidc materials 250 within the 
wellbore that are displaced by the apparatus are conveyed through the fluid passages 
310, 205a, 225a, and 225b. In this manner, surge pressures created by the piaoement 
of the apparatus within the wellbore 1 00 are reduced. 

In a preferred embodiment, as illustrated in FIG. 13 and 13a, the fluid passage 
1 5 225b Is then closed and a hardenabie fluidic sealing material 255 is then pumped from 
a surface location into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a into the interior region 315 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
into the fluid passage 310. The material 255 then exHs the apparatus 300 and fills the 
20 annular region 260 brtween the exterior of the tubular member 21 0 and the hterior wall 
of the new sectton 130 of the wellbore 100. Continued pumping of tiie material 255 
causes the material to fill up at least a portion of the annuter region 260. 

The material 255 is preferably pumped bite Vhs annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
25 gailons/imin, respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and wellbcxe sizes, weBbore section tongth, available pumping 
equipment, and fluid properties of ttie fluidic material being pimiped. The optimum flow 
rate and operating pressure are preferably detemiined using conventional empirical 
methods. 

30 The hardenabie fluidic sealing material 255 may be any number of conventional 

commercially avaltebte hardenabie fluidic sealing rrtaterials such as, for example, slag 
mbc, cement, latex or epoxy. In a preferred embodiment, the hardenabie fluidic sealing 
nriaterial 255 is a blended cement prepared spedficalty for the particular well section 
t>eing drilled from Halliburton Ertergy Services in Dallas, TX in order to provide optimal 

35 support for tubular member 210 while also mainteining optimum flow characteristics so 
as to minimize difflculties during the displacement of oennent In the annular region 2S0. 
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The optimufn blend of the blended cement is preferably detennined using oonventtonal 
empirical methods. In several altemath^ embodiments, the hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is fllled with tlie material 255 in sufRdent 
5 quantities to ensure that, upon radial expansion of the tubular member 21 0, the annular 
region 260 of the new section 130 of the wellbore 100 will be fiiied with the material 
255. 

In an aitematlve embodiment, the injection of the material 255 into the annular 
region 260 Is omitted. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into the fluid passage 310, thereby fluididy isolating the interior region 315 from the 
annular regton 260. in a preferred embodiment a non-hardenable fiuldic material 270 
is then pumped into the interior region 315 causing the interior region to pressurize. In 

15 this manner, the interior region 315 wBI not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process, 
Altematrvety, the material 255 may be used diffing this phase of the process. 

As illustrated in FIG. 15, in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 315 and unfolds the corrugations 305ba- 

20 305bh of the intemiediate portion 305b of the shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded intermediate portion 305b of the shoe 305 is 
greater than the outside diameter of the upper and lower portions, 305a and 305b, of 
the shoe, in a preferod embodiment, the Inside and outside diameters of the unfolded 
Intemnediate portion 305b of the shoe 305 are greater than the inside and outside 

25 diameters, respectiveiy. of the upper and lower portions, 30Sa and 305b, of the shoe, 
in a prefened embodiment, the inside diameter of the unfolded Intemnediate portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of the 
preexisting casing 305 In order to optimize the formation of a moncKdiameter wellbore 
casing. 

30 As illustrated in FIG. 16, in a prefened embodiment, the expansion cone 205 is 

then lov^red into the unfolded intermediate portion 305b of the shoe 305. In a 
prefemsd embodirrmit, the expansfon cone 205 is lowered into the unfolded 
intermediate portion 305b of the shoe 305 until the bottom of the expansion cone is 
proximate the lower portion 305c of the shoe 305. In a prefenred embodiment, during 

35 the lowering of the expansion cone 205 into the unfolded intenmediate portion 305b of 
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the shoe 305, the material 255 witMn the annular region 260 maintains the shoe 305 in 
a substantially stationary position. 

As illustrated in FIG. 17, in a prefened embodiment, the outside diameter of the 
expansion cone 205 te then increased. In a prererred embodiment, the outside 
5 diameter of the expansion cone 205 Is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523, the disctosures of witich are incorporate harain by 
reference. In a preferred embodiment, the outside diameter of the radially expanded 
expaneion cone 205 is substantially equal to the inside diameter of the preexisting 
wellbore casing 115. 

10 In an alternative embodiment, the expansion cone 205 Is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radtelly expanded by the radial 
expansion of the expansion cone 205. 

In another alternative embodimmt, the expansion cone 205 Is not radially 

15 expanded. 

As illustrated in RG. 18, in a prefened embodiment, a fluidic material 275 is 
then Injected into the region 31 5 through the fluid passages ^5a and 205a. in a 
prefenned embodiment, once the interior region 315 becomes sufficiently pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radially expanded, and extnided off of the expansion cone 205. 
Furthermore, in a preferred embodiment during the end of the radial expansion 
process, the upper portion 210d of the tubular member and the lower portion of the 
preexisting casing 115 that overiap witti one anottier are simuKarieousiy plasttcally 
deformed and radially expanded. In tills manner, a mono<llameterwellbore casing 

25 may be formed ttmt includes tiie preexisting weSboFe casing 115 and ttie radiedly 
expanded tubular member 210. 

During the extn^ion process, ttie expansion cone 205 may be raised out of the 
expanded portion of tiie tubular member 210. In a prelianned embodiment, during ttie 
extrusbn process, ttie expansion cone 205 Is raised at approximately tt>e same rate as 

30 ttie tubular member 210 is expanded in order to keep tt)e tubular member 210 

stationary relative to the new wellbore section 130. In ttiis manner, an overtapping Joint 
between the radially expanded tubular member 210 and the lower portion of ttie 
preexisting casing 115 may be optimally formed. In an attemative prefened 
embodiment, ttie expansion cone 205 is maintained in a stationary position during tiie 

35 extriision process ttiereby allowing the tubular member 21 0 to extrude off of ttie 
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expamlon cone 205 and into the new wellbore section 130 under the force of gravity 

and the operating prasaure of the interior region 230. 

In a preferred emtxKliment, when the upper end portion 210d of the tubuiar 

memk)er 21 0 and the lower portion of the preexistbig casing 115 that overlap wHh one 
5 another are plastlcaily deformed and radially expanded by the expansion cone 205. the 

expansion cone 205 is diaplaoed out of the wellborB 100 by both the operating 

pressure within the region 230 and a upwardly directed axiai force applied to the 

tubular support nnember 225. 

The overlapping Joint between the lower portion of the preexisting casing 115 
10 and the radially e)q>anded tubular member 210 preferably provides a gaseous and 

fiuidic seal. In a particularty preferred embodiment, the sealing members 245 optimally 

provide a fiuidic and gaseous seal in the overlapping joint In an alternative 

embodiment, the sealing members 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fiuidic 
15 material 275 is controliably ramped down when the expansion cone 205 reaches the 

upper end portion 210d of the tubuiar member 210. In this manner, the sudden release 

of pressure caused by the complete extrusion of the tubular member 210 off of the 

expansion cone 205 can be minimized, in a preferred embodiment, the operating 

pressure is r^uoed in a substantially linear fashion from 100% to about 10% during 
20 the end of the extrusion process beginning when the expansion cone 205 is within 

about 5 feet from completion of the extrusion process. 

Aitamativeiy, or in combination, the wail thidaness of the upper end portion 

21 Od of the tubular member Is tapered in order to gradually reduce the required 

operating pressure for plasttcaliy defomning and radially expanding ttie upper end 
25 portion of the tubular rramber. In this manner, shock loading of the apparatus may be 

at least partially minimized. 

Alternatively, or in combination, a shock absorber is provided in the support 

member 225 in order to absorb the shock caused by 0ie sudden release of pressure. 

The shock at>8ort>er may comprise, for example, any conventional commercially 
30 available shock absort)er adapted for use in wellbore operations. 

Alternatively, or In combination, an expansion cone catching structure is 

provUed in the upper end portiori 210d of ttie tubular member 210 in order to catch or 

at least decelerate ttie expanston cone 205. 

in a preferred embodiment, tiie apparatus 200 is adapted to minimize tensHe, 
35 burst, and friction effects upon the tubular member 210 during the expar^ton process. 

These efliects will be depend upon the geometry of the expanston cone 205, the 
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.material composition of the tubular memt>er 210 and expansion cone 205, the inner 
dianneter of the tubular member 210, the wail thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 21 0. In general, the 
thidier the wall thidcness, the smaller the inner diameter, and the greater the yield 
5 strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extnision of the tubular nniember 210 off of 
the expansion oone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximalely 500 to 9.000 psi. 

10 During the extrusion process, the expansion oone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 IVsec. In a prefened embodiment, during the extrusion process, the expansion 
oor^ 205 is raised out of the expanded portion dl the tutHilar memt)er 210 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 

15 process while also pemnittir^ easy control of the expansion process. 

As illustrated in FIG. 19. once the extrusic^ process is completed, the 
expansion cone 205 is renrtoved from the wellbore 100. In a prefenned embodiment, 
eitfier before or after the rerTX>vai of the expansim cone 205, the integrity of the fluidic 
seal of the overiapping Joint between the upper end portion 21 Od of the tubular member 

20 210 and the lower end portion 1 15a of the preexisting wellbore casing 1 15 is tested 
using oonventional methods. 

In a prefened emtxxiiment, if the fluidic seal of the overiapping Joint between 
the upper end portion 210d of the tubular member 210 and tlie lower end portion 11 5a 
of the casing 1 15 Is satisfactory, then any uncured portion of the material 255 within the 

25 expended tubular member 210 is then removed in a conventional mann^ such as, for 
example, cfarculating the uncured material out of the interior of the expanded tubular 
membw* 210. The expansion cone 205 b then pulled out of the wellbore section 130 
and a drill bit or mill is used in combinatbn with a conventional drilling assembly to drill 
out any hardened material 255 wHhln the tubular member 210. In a preferred 

30 embodiment, the material 255 wtthin the annular region 260 is then allowed to fully 
cure. 

As illustrated in FIG. 20, the bottom portion 305c of the shoe 305 may then be 
removed by drilling out the bottom portion of the shoe using converitional drilling 
methods. The wellbore 100 nnay then be extended in a oonventional manner using a 
35 conventional drilling assembly. In a preferred embodiment, the inside diameter of the 
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extended portion of the wellbore is greater than the inside diameter of the radially 
expanded shoe 305. 

The niethod of FIGS. 1 2-20 may be repeaiediy performed in order to provide a 
mono-diam^r wellbore casing that includes overlapping wellbore casings. The 

5 overlapping wellbore casing preferably include outer annular layers of fluidic sealing 
material. AKematively, the outer annular layers of fliddic sealing material may be 
orritted. In this manner, a moncxliameter wellbore casing may be formed within the 
subterranean fbnmation that extends for tens of thoi^nds of feet More generally stOli 
the teachings of FIGS. 12*20 may be used to fonn a momHiiameter wellbore casing, a 

10 pipeline, a structural support, or a tunnel within a subtenanean formation at any 
orientation from the verticai to the horizontal. 

In a preferred embodiment, the fbnnation of a mono-diameter wellbore casing, 
as illustrated in FIGS. 1 2-20, is further provided as disclosed in one or more ct the 
fbllQwing: (1 ) U.S. patent application serial no. 09/454,139, attorney docket no. 

15 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510.913. 
attorney docket no. 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
appHcatton serial no. 09/440.338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.1 1 .02, filed 

20 on 3/10/2000, (6) U.S. patent appiksUon serial no. 00/512,895. attorney docket no. 
25791.1ZQ2. filed on 2/24/2000. (7) U.S. patent applicattoh serial no. 09/511,941, 
attorney docket no. 25791 .16.02. filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588.946, attorney docket no. 25791.17.02, filed on 6/7/2000. (9) U.& patent 
appGcatton serial no. 09^9,122, attomey docket no. 25791.23.02, filed on 4/2G/2b00, 

25 (10) PCT patent applicatton serial no. PCT/USOO/18635, attomey docket no. 
25791.25.02, filed on 7/9/2000. (11) U.S. provisional patent applicatkm serial no. 
60/162,671, attomey docket no. 25791.27. filed on 1 1/1/1999, (12) U.S. ptovlsional 
patent appKcatton serial no. 60/154,047, attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisbnal patent application serial no. 60/159,082, attomey 

30 docket no. 25791 .34, filed on 1 0/1 2/1 999, (14) U.S. provisional patent application serial 
no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provistonal patent appltoation serial no. 60/159,033, attomey docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent applicatk)n serial no. 60/212,359, attomey 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. proviskMial patent application serial 

35 no. 60/165,228, attomey docket no. 25791.39. filed on 11/12/1999. (18) U.S. 

provistonal patent applteation serial no. 60/221,443, attomey docket nd. 25791.45. filed 
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on 7/28/2000, (1 9) U.S. provi^onal patent application serial no. 60/221 .645, attorney 
docket no. 25791.46. filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233.636, attorney docket no. 25791.47. filed on 8/18/2000, (21) U.S. provisional 
patent appiicatton serial no. 60/237.334, attorney docket no. 25791.48, filed on 

5 10/2/2000. and (22) U S. provistonal patent application serial no. m 

docket no. 25791.51, filed on 1/17/2001, the disctosures of wtiich are incorporated 
tierein k)y reference. 

In several alternative emtxxlimenls, the apparatus 200 and 300 are used to 
fbnn and/or repair welil)ore casings, pIpeBnes. and/or stnicturai supports. 

10 In several alternative emtxxliments. the folded geometries of the shoes 215 and 

305 are provkJed in accordance with the teachings of U.S. Patent Nos. 5.425.559 
and/or 5,794,702, the disctosures of which are incorporated herein by reference. 

Aj] apparati^ for forming a wellbore casing in a Ixmhole Icx^ated in a 
sutrterranean fbnnation induding a preexisting welltx)re casing has t>een descrit>6d that 

15 includes a support member including a first fluid passage, an expanston cone coupled 
to the support member including a second fluM passage fluMidy coupled to the first 
fluid passage, an expandable tubular liner movably coupled to the expansion cone, and 
an expandable shoe coupled to the expandable tubular liner. In a preferred 
enrtfxxliment, the expansion cone is expandable. In a preferred embodintent, the 

20 expandable shoe indudes a vaiveable fluki passage for controlling the flow of fluMIc 
materials out of the expandable shoe. In a preferred embodiment, the expandable 
shoe indudes: an expandable portk>n and a lerriaining portton. wherein the outer 
drcumforence of the expandable portton is greater than the outer drcunnference of the 
remaining portkxi. In a preferred embodiment, the expandable portion includes: one or 

25 more Inward foMs. In a preferred embodiment the expandable portion indudes: one or 
moreoomjgattons. In a prefened embodiment, the expandable shoe Indudes: one or 
more Inward folds. In a preferred embodiment, the expandable ehoe Indudes: one or 
mcMe corrugations. 

A shoe has also been described that indudes an upper annular portton. an 

30 intermediate annular portion, and a tower annular portion, wherein the intemnediate 
annular portion has an outer drcumforence that is larger than the outer drcunrferenoes 
of the upper and lower annular porttons. In a prefened embodiment, the lower annular 
portion indudes a vatveable ftuk) passage for oontrdling the ftow of fluldic materials out 
of the shoe. In a preferred embodiment, the intennediate portton indudes one or more 

35 Inward fbtos. In a prefened embodiment, the intermediate portton Indudes one or more 
comigattons. 
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A method of forming a wellbore casing in a subtenranean fomiation having a 
preexisting wellbore casing positioned in a borehole has also been described that 
includes installing a tubular liner, an expanston oone,.and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material Into the 
5 shoe, and radially expanding at least a portion of the tidbular liner t»y injecting a fluidic 
material into the borehole below the expansion oone. In a pr^snred embodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion oone into the radially 
expanded portion of the shoe, and radially expanding the expansion oor^e. In a 

10 preferred embodiment, the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a prefen^ embodiment, the method further 
IndudK Injecting a hardenable fluidic sealing material into an annuius between the 
tubular liner and the bcmtiole. In a preferred embodiment the method further includes 

15 radially expanding at least a portion of the preexisting wellbore casing. In a preferred 
embodiment the method further includes overiapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing, in a preferred 
embodiment the inside diameter of the radially expanded tubular liner Is substantially 
equal to the inside diameter of a nonoveriapping portion of the preexisting weHbore 

20 casing. In a preferred errAxxllment, the method further includes applying an axial force 
to the expansion cone. In a preferred embodiment the inside diameter of the radially 
expanded shoe Is greater than or equal to the inside diameter of the radially expanded 
tubular liner 

An apparatus for forming a wellbore casing in a subterranean fomnation having 
25 a preexisting wellbore casing positioned in a borehole has alto been described that 
includes means for thstaliing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of ttie shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred emtXKiiment, the 
apparatus fi^er includes means for radially expanding the expansion cone. In a 
30 preferred embodiment tiie apparatus further Includes me^ for lowering the 

expansion oone into the radiaHy expanded portion of the shoe, and means for radially 
expanding the expansion oone. In a prsfennM embodiment Hie apparatus further 
includes means fcx* injecting a fluidic material into the borehole below the radially 
expanded expansion oone. in a preferred embodiment fha apparatus further includes 
35 means for injecting a hardenable fluidic sealing material into an annuius between the 
tubular liner and the borehole. In a prefened embodinient the apparatus further 
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includes means for radially expanding at least a portion of the preexisting wellbore 
casing. In a prefened embodinnent, the apparatus further Includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting welibors casing, in a preferred emtKXilnrtent» the inside diameter of the 

5 radially expanded tubular liner is substantially equal to the Inside diameter of a 

nonbverlapping portion of the preexisting welibore casing. In a preferred mobodiment, 
the apparatus further includes means for applying an axial force to the expanston cone. 
In a prBferred embodiment, the inside diameter of the radially expanded shoe is greater 
than or equal to the inside diameter of the radially expanded tubular Hner. 

10 An apparatus for forming a welibore casing within a subterranean fomnatlon 

including a preexisting welibore casing positioned In a borehole has also been 
described that includes a tubular liner and nneans for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting welll>ore casing. The 
Inside diameter of the radially expanded tubular liner is substantially equal to the inside 

1 5 diameter of a non-overlapping portion of the preexteting welibore casing. 

A welibore casing positioned In a borehole within a subterranean formation has 
also been described that includes a first welibore casing and a second welibore casing 
coi4>led to and overlapping with the first wellbore casing, wherein the second welibore 
casing is coupled to the first welibore casing by the process of: Instaiiing the second 

20 welibore casing, an expansion cone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second wellbore casing by injecting a fluidic material 
into the borehole below the expansion cone, in a preferred embodiment, the process 
for fonning the wellbore casing further Includes radially expanding the expansion cone. 

25 In a prsfenred enrixxliment the process for forming the wellbore casing forther includes 
lowering the expansion cone into the radially expanded portion of the shoe, and radially 
expandinjg the expansion cone. In a prefonred embodinnent, the process for fomting the 
weilbim casing further Includes radially expanding at least a portion of the shoe and 
the second wellbore casing by injecting a fluidic material into the borehole below the 

30 radially expanded expansion cone, in a preferred embodiment, the process for fonming 
the wellbore casing fiffther includes injecting a hardenable fluidic sealing material Into 
an annulus between the second wellbore casing and the borehofe. in a prefenned 
embodiment, the process for formlr^ the wellbore casing further includes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodiment, 

35 the process for fonming the welibore casing further includes overlapping a portion of the 
radially expanded second welibore casing with a portion of the first welibore casing. In 
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a preferiBd embodiment, the inside diameter of the radially expanded second weOtxire 
casing Is sul)stantiaily equal to the Inside diameter of a rtonovertapplng portion of the 
first wellbore casing. In a preferred errtf>odiment» the process for forming the welttxm 
cdsing further brtdudes applying an axial force to the expani^n cone. In a preferred 

5 emtxxfimenl the Inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second welltx>re casing. 

. A method of forming a tubular structure in a subterranean fomnation having a 
preexisting tubular member positioned in a borehole has also been described that 
includes InstalDng a tubular liner, an expansion cone, and a shoe in the borehole, 

10 radially expanding at least a portion of the shoe by injecting a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. In a preferred embodiment, the 
method further Includes radially expanding the expansion cone, in a prefemed 
embodiment, the method further includes lowering the expansion cone into the radially 

15 expanded portion of the shoe, and radially expanding the expansion cone. In a 

preferrad embodiment, the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by irtjecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferr^ embodiment, the niethod further 
Includes Injecting a hardenable fluidic sealing material into an annulus between the 

20 tubular liner and the borehole. In a preferred embodiment, the method further includes 
radially expanding at least a portion of the preexisUrig tubutar member. In a preferred 
embodiment, the method further Includes overtapplng a portion of the radially 
expanded tubular liner with a portion of the preexisting tububr member. In a preferred 
embodiment, the inside diameter of the radially expanded tubular liner is substantially 

25 equal to the Inside diameter of a rionovertapplng portion of the preexisting tubular 
member In a preferred ernbodlment, the method further Indudes apply^ 
force to the expansion cone. In a preferred embodiment, the inside diameter of the 
radially exfranded shoe is greater than or equal to the inside diameter of the radially 
expanded tubular liner. 

30 . An apparatus for forming a tubular structure in a subterranean formation toving 
a preexisting tubular member positioned in a tx>rehole has also been cfescrit>ed that 
includes means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and nteans for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 

35 apparatus further includes means for radially expanding the expansion cone. In a 
preferrsd embodiment, the ^)peratu8 further includes means for lowering the 
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expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion oone. In a prefarred ennt>odinnent, the apparatus further 
includes means for injecting a fluidic material into the borehole below the radially 
expanded expansion oone. In a prefened erabodiifnent. the apparatus further includes 

5 means for injecting a hardenable fluUic sealing material into an annulus between the 
tubular nner and the borehole, in a preffsned embodiment, the apparatus further 
includes means for radially expanding at least a portion of the preexisting tubidar 
member. In a prefened enibodinrient. the apparatus further ihd 
oveilapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular menAer. In a preferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantiatly equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular member. In a prsfenred embodiment, 
the apparatus further includes means for applying an SDdal force to the expansion oone. 
In a preferred embodiment, the inside diam^er cf the radially expanded shoe is greater 

15 than or equal to the inside dianr)et6r of the radially expanded tubular liner. 

An apparatus for forming a tubular stmcture within a subterranean fonnation 
including a preexisting tubular member positioned in a borehote has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diarneter of the radially expanded tubular liner is substantially equal to the insMe 
diarneter of a non-overlapping portion of the preexistirig tubular nrw 

A tubular structure positioned in a borehole within a subtenanean formation has 
also been described that includes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular member, wherein the second tubular 

25 member is coupled to the first tubular member by the process of: installing the second 
tubular member, an expansion oone, and a shoe in the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second tubular member by irijecHng a fluidic material 
into the borehole below the expansion cone. In a preferred embodiment, the process 

30 for forming the tubular structure further includes radially expanding the expansion oone. 
In a prefened embodiment, the process for forming the tobuiar stmcture further 
includes lowering the expansion oone into the radially expanded portion of the shoe, 
and radially expanding the expansion oone. in a preferred embodiment, the process 
for fonning the tubular structure further includes radially expanding at least a portion of 

35 the shoe and the second tubular nriember by injecting a fluidic material into the 

borehole below the radially expanded expansion cone. . In a preferred embodiment, the 
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process for forming the tubular structure further includes ir>iecting a hardenable fluidic 
sealing material Into an annulus bebraen the second tubular member and the borehole. 
In a preferred embodiment, the process for forming the tubular structure further 
includes radially expandng at least a portion of the first tubular mmiber. In a preferred 

5 embodiment, the process for fbnning the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member. In a prefened embodiment, the inside diameter of the radially 
expanded second tubular member is siibstentially equal to the inside diameter of a 
nonoverlapping portion of the first tubular member. In a preferred embodiment, the 

10 process for foaming the tubular structure further includes applying an axial force to the 
mpansion cone. In a prsfenBd embodiment, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although IHustratlve embodiments of the Invention have been shown and 

15 described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disdosure. In some instences, some features of the present Invention 
may be employed without a corresponding use of the other features. Accordingly, It is 
appropriate that the appended daims be construed broadly and in a rhanner consistent 
with the scope of the invention. 
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1. An apparatus for forming a vveilbore casing wi^ 

including a preexisting vvellbore casing positioned in a borehole, comprising: 
5 a tid)ular linw; and 

means for nadially expanding and coupling the tubular liner to an overlapping 
portion cf the preexistirig wellbm casing; 

wher^ the inside diameter of the radially expanded tubular liner is equal to the 
inside diameter of a non-overtapping portion of the preexisting wellbore casing. 

10 

2. An apparatus for forming a tubular structure within a subterranean formation 
including a preexisting tubular member positioned in a borehole, comprising: 

a tubular linen and 
means for radially expanding and coupling the tubular liner to an overlapping 
1 5 portion of the preexisting tubular memt>er; 

wherein the inside diameter of the radially expanded tubular liner is equal to the 
inside diameter of a non-ov«1apping portion of the preexisting tubular member. 
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Claims 

1 . An apparatus for forming a wellbore casing In a borehole located In a 
subtjsnranean formation including a preexisting wellbore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion oone coupled to the support member including a second fluid 

passage fluididy coupled to the flrst fluid passage; 
ah expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of dairh 1 , wherein the expansion cone Is expandable. 

3. The apparatus of daim 1 , wherein the expandable shoe indudes a vatveable fluid 
passage for controlling the flow of fluidic nuiteriais out of the expandable shoe. 

15 

4. The apparatus of daim 1 . wherein the expandable shoe indudes: 
an expandable portion; and 

a remaining portton coupled to the expandable portion; 
wherein the outer drcumference of the expandable portion is greater than the 
20 outer drcunnference of the remaining portion. 

5. The apparatus of daim 4, wherein the expandable porUon indudes: 
one ornrx>re Inward folds. 

25 6. The apparatus of daim 4. wherein the expandable portion indudes: 
one or mora oomigations. 

7. The apparatus of daim 1 , wherein the expandable shoe indudes: 
one or more inward folds. 

30 

8. The apparatus of daim 1 , wherein the expandable shoe Indudes: 
one or more comjgations. 

9. A shoe, comprising: 

35 an upper annular portion; 

an intermediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the IntennediatB portion; 

wherein the intermediate annular portion has an outer drcunnferenoe that Is 

larger than the outer drcunnferenoes of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9. wherein the lower annular portion indudas a valveat>le fluid 
passage for contrdling the flow of fluidic materials out of the shoe. 

11. The shoe of daim 9, wherein the intennediale portion indudes: 
10 one or more inward folds. 

12. The shoe of daim 9, wherein the intermediate portion indudes: 
one or more oorrugations. 

15 1 3. A method of forming a welll>ore casing in a subterranean formation having a 
preexteting welibore cadng positioned in a tx>rehole, comprising: 

installing a tubular liner, an expansion cone» and a shoe In the borehole; 
radially expanding at least a portion of the shoe by Injecting a fluidic nnaterlal 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by Injecting a fluidic 

material into the borehole below the expanston cone. 

14. The method of daim 13, further comprising: 
radially expanding the expansion cone. 

25 

15. The method of daim 13, further comprising: 

lowering the expanston cone into the radtally expanded portion of the shoe; and 
redially expanding the expansion cone. 

30 16. The method of daim 15, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material Into the borehde below the radially expanded 
expansion cone. 



35 17. The method of daim 1 3, further comprising: 



32 



injecting a hardenable fluidic seaBng material into an annulus between the 
tubular liner and the borehole. 

1 8. The method oT claim 1 3, further comprising: 

5 radially expanding at least a portion of the preexisting wellbore casing. 

1 9. The method of daim 1 8, further comprising: 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of daim 1 9. wherein the inside diameter of the radially expanded 
tubular liner Is substantially equal to or greater than the inside diameter of a 
nonoverlapping portion of the preexisting wellbore casing. 

15 21. The method ofdalm 18, further comprising: 
applying an axial force to the expansion cone. 

22. The method of daim 1 3. wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the Inside diameter of the radially 

20 expanded tubular Hner. 

23. An apparatus for fonming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehote, comprising: 

means for instelling a tubular Hner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially eixpanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by injecting a 

fluidic material into the borehole below the expansion cone. 

30 

24. The apparatifi of daim 23, further comprising: 
means for radially expanding the expansion cone. 
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25. 



The apparatus of daim 23, further comprising: 

means for towering the expansion cone Into the radially expanded portion of the 
shoe; and 
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means for radially expanding the expansion cone. 

26. The apparatus of daim 25, further oonrtprlsing: 
means for injecting a fluidic nnaterial into the t)orahole below the radially 

expanded expansion cone. 

27. The apparatus of daim 23/further comprising: 
means for injecting a hardenable fluidic sealing material Into an annulus 

between the tubular liner and the borehole. 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a portion of the preexisting welibore 
casing. 

15 29. The apparatus ofdaim 28, further comprising: 

means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting welibore casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to the inside diameter of a nonoveriapping portion of 

the preexisting welibore casing. 

31 . The apparatus of daim 26, further oomprlslrig: 

means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substentiaily equal to the inside diameter of the radially 
expanded tubular Vmr. 



30 33. An apparatus for fonning a welibore casing within a subtenranean fonnation 
indudlng a preexisting welibore casing positioned In a borehole, comprising: 
a tubular liner, and 

means for radially expanding and coupling the tubular liner to an overlapping 
portion of ttie preexisting welibore casing; 
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wherein the imide diameter of the radially expanded tutHJiar liner is 

substantiaily equal to the inside diameter of a non-overlapping portion of 
the preexisting wellt>ore casing. 

5 34. . A weilt)ore casing positioned in a ixrahole within a sutsterranean fbnration. 
comprising: 

a first wellt)ore casing; and 

a second welilxm casing coupled to and overtapping with the first wellbore 
casing; 

10 wherein the second welltmre casing is coupled to the first wellt)ore casing by 

the process of: 

installtng the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic material into the borehole below the expansion 
cone. 

20 35. The wellbore casing of daim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

36. The wellbore casing of daim 34, wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The wellbore casing of daim 36, wherefcfi the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by injecting a fluidic material into the borehole below the radially 
30 expanded expansion cone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
injecting a hardenabie fluidic sealing materia into an annUlus between the 

second wellbore casing and the borehole. 

35 

39. The wellbore casing of daim 34. wherein the process further comprises: 
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radially expanding at lewt a portion of the first \rallt)ore casing. 

40. The wettxTO casing of dainn 39, wtierein the process further comprises: 

. overlappir^ a portion of the radiaOy expanded second wellbore casing with a 
portion of the first weilbore casing. 

41 . The wellbors casing of daim 40. wherein the inside diameter erf the radially 
expanded second welilxm casing is sul)stantially equal to the inside diameter of a 
nonoveriapping portion of the first welll>ore casing. 

42. The wellbors casing of daim 39. wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing cf daim 34, wherein the Inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second wellbore casing. 

44. A method of fonning a tubular stmcture in a subterranean formation having a 
preexisting tubular member positioned in a lx>rehoie, comprising: 

instalHng a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehde below the expansion cone. 

45. The method of daim 44. further comprising: 
radially expanding the expansion cone. 

46. The method of daim 44, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 
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48. The method of daim 44, further comprising: 

injecting a hardenat)le fliadic sealing material into an annulus l)etween the 
tutHJiar liner and the t)orehole. 

5 

49! The method of daim 44, further comprising: 

radiaPy expanding at least a portion of the preexisting tutwlar memt)er. 

50. The method of daim 49, further comprising: 

10 overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interfiace and a 
fiuidicseal. 

51 . The method of daim 50, wherein the inside diameter of the radially expanded 

1 5 tubular liner is substantially equal to the inside diameter of a. nonovertapping portion of 
the preexisting tubular member. 

52. The method of daim 49. further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for fomiing a hjbular structure in a subterranean fbmnatlon having a 
preexisting tubular member positioned in a borehole, comprising: 

nneans for Installing a tubular liner, an expansion cone, and a shoe in the 
borahde; 

means for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprising: 
nreans for radidly expanding the expansion cone. 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering thd expansion oone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expand cone. 

5 57. The apparatus of claim 56, further comprising: 

means for injecting a fiuidic material into the t>orehole below the radially 
expanded expansion cone. 

58. The apparatus of daim 54, further comprising: 

1 0 means for injecting a hardenat>le fiuidic sealing rtiaterial into an annuhis 

lietvveen the Uibular liner and the txxehole. 

59. The apparatus of daim 54, further comprising: 

means for radially expanding at least a portion of the preexisting tubular 
15 menrriter. 

The apparatus of daim 59. further comprising: 
means for overtapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fiuidic seal. 

61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to the inside diameter of a nonoverl£v>ping portion of 
the preexisting tubular member. 

25 

62. The apparatus of daim 59. further comprising: 
means for applying an axial force to the mpansion oone. 

63. The apparatus of daim 54. wherein the inside diamet^- of tte radially expanded 
30 shoe is greater than or substentiaiiy equal to the toide diameter of the radially 

expanded tubular liner. 

64. An apparatus for forming a tubular structura within a subterranean formation , 
induding a preexisting tubular member positioned in a borehole, comprising: 

* 35 a tubular linen and 



60. 

20 
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means for radially expanding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular memben 
wherein the inside diameter of the radiaily expanded tubular liner is 

substantially equal to the inside diameter of a nonK)verlapping portion of 

the preexteting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean fonmatlon, 
comprising: 

a first tubular member, and 

a second tubular member coupled to and overlapping with the first tubular 
member, 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole;. 

radially expanding at least a portion of the shoe by injecting a Kuidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluidic matoial into the borehole below the expansion 

cone. 

66. The tubular stmchjre of dalm 65, wherein the prooess further comprises: 

radially expanding the expansion oone. 

67. The tubular stnicture of dalm 65. wherein the prooess further comprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding ttie expansion oone. 

68. The tubular stnicture of dalm 67, wherein the process further comprises: 

radially expanding at least a portion of the shoe and the second tubular member 
by injecting a fluidic material Into the borehole below tiie radiaily 
expanded expanston cone. 
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The tubular stmcture of daim 65, wherein the prooess further con^rises: 
injecting a hardenaUe fluidic sealing material into an annulus between the 
second tubular member and the t)orehole. 
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70. The tubular stnicture of daim 65, wherein the process further oon^rises: 
radially expanding at least a portion of the first tulxilar member. 

5 71 . The tubular structure of daim 70, wherein the process further comprises: 

overlapping a portion of the radiatly expanded second tubular member with a 
portion of the first tubular member. 

» 

72. The tubular structure of dalm 71 . wherein the inside diameter of the radally 
10 expanded seoorxl tubular member is substantially equal to the inside diameter of a 

nonovertapping portion of the first tubular member. 

73. The tubular structure of daim 70, wherein the process further oomprises: 

applying an axial ftMroe to the expansion oone. 

15 

74. The tubular structure of daim 65, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for fbrmirig a wellfaore casing in a borehole located in a 
subterranean fonmation indudtng a preexisting weflbore casing, comprising: 
a support member induding a first fluid passage; 
an expandable expar^ion cone coupled to the support member Induding a 
second fluid passage fluididy coupled to the flrst fluid passage; 
25 an expandable tubular liner movably coupled to the expansion oone; and 

an expandable shoe coupled to the expandable tubular liner comprising: 

a valveabie fluid passage for controlling the flow of fluidic materials out 

of the expandable shoe; 
an expandable portion induding one or more inward folds; and 
30 a remaining portion coupled to the expandable portion; 

wherein the outer drcumference of the expandable portion is greater 
tlian the outer droumfersnce of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 



an intermediate annular portion coupled to the upper anriular portion induding 

one or more inward folds; and 
a lower annular portion ooupied to the intermediate portion including a 

valveable fluid passage for controliing the flow of fluidic materials out of 

the shoe; 

wherein the Intermediate annular portion has an outer drcumferenoe that is 
larger than the outer drcumferenoss oT the upper and lower annular 
portions. 

77. A nrtethod of fonning a welllwre casing in a subtenanean fOTmatlon having a 
preexisting wellbore casing positioned in a biorehde, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone Into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular Hner by injecting a fliddic 

material into the borehole below the expansbn cone; and 
overtapping a portion of the radially expanded tubular liner with a portion of the 

preexisting wellbore casing; 
wherein Vhe inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radlaily expanded 

tubuter liner, and 
wherein the inside dianneter of the radially expanded tubular liner Is 
substentteiiy equal to or greater than the inside diameter of a nohcveriapping 
portion of the preexisting wellbore casir^. 

78. An apparatus for forming a wellbore casing In a subterranean fbmiation bamg a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for Instelling a tubular liner, an expansion oone, and a shoe in the 
borehole; 

means for radially expanding at least a portion of the shoe by irijecting a fluidic 

material into the shoe; 
means for towering the expansion oone into the radially expanded portion of the 

shoe; 

means for radially expanding the expansion oone; 
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means for radially expanding at least a portion of the tutHilar liner by injecting a 
fiuidic material into the txmhole beloMr the radially expanded expansion 
cone; 

means for radiaBy expanding at least a portion of the preexisting welllxm 
caslng;and 

means for overtopping a portion of the radiaity expanded tubular liner with a 

portion of the preexisting wellbors casing; 
wherein the inside diameter of the radiaBy expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonovertapping portion of 

the preexisting wellbore casing. 

79. A wellbore casing positioned in a txxehole within a subterranean fonration. 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and pvertapping with the first wellbore 
casing; 

wherein the second wellbore casing is coupled to the first wellbore casing by 
the process of: 

installing the second wetbore casing, an expansion cone, and a shoe In 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion cone into the radially expanded portion of the 

shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the second wellbore casing by 
injecting a fluidic material into the borehole below the radially 
exparKled expansion cone; and 

overtapping a portion of the radially expanded second wellbore casing 
with a portion of the first Wellbore casing; 
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wherein the inside diameter of the radiaOy expanded shoe is greater 
than or sut)stantially equal to the inside diameter of the radially 
expanded second welllHm casing; and 

wherein the inside diameter of the radially expanded second wellt>ore 
casing Is sut)slantiaily equal to the inside diameter of a 
nonovertapping portion of the first weilt)ore casing. 

80. A rnMhod of fbnning a tutMJiar structure in a subterranean fonrnation having a 
preexisting tubular member positioned in a borehole, comprising: 

installing a tubular liner, an expansion oone» and a shoe in the borehole; 

radially expandir^ at least a portion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by Injecting a fluidic 

material into ttie borehole below the radially expanded expansion cone; 
and 

overlapping a portton of the radially mpanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing Interface and a 
fluidlcseal; 

wherein the Inside diameter of the radially expanded shoe is greater than or 

substantially equal to the Inside diameter of the radially expanded 

tubular llner» and 
wherein the Inside diameter of the radially expanded tubular liner is 

substentiaily equal to the inside diameter of.a nonovertapping portion of 

the preexisting tubutar member. 

. 81 . An apparatus for forming a tubular staicture in a subterranean fomnation having a 
preexisting tubular member positioned In a borehole, comprising: 

means for installing a tubutar liner, an expansion cone, and a shoe in the 
borehote; 

means for radtally expanding at least a portion of the shoe; 
means for lowering the expansion cone Into the radially expanded portion of the 
shoe; 

means for radially expanding the expansion cone; 

means for radtally expanding at least a portton of the tubular linen and 
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means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluidic seal; 
wherein the inside diameter of the radially expanded shoe is greater than or 
5 substantially equal to the inside diameter of the radially expanded 

tubular liner, and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular member. 

10 

82. A tubular stmdure positioned in a borehole within a suMenranean formation, 
comprisirtg* 

a first tubular member, and 

a second tubutdr member coupled to and overlapping with the first tubular 
15 member. 

wherein the second tubular member is coupled to the first tubular member by 
the process of: 

instadiing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radially expanding at least a portion of the shoe Injecting a fluidic . 

material into the shoe; . 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expending the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic nnaterial into the borehole below the radially 
expanded expansion cone; and 
overlapping a portion of the radially expanded second tubuteir member 
with a (xxtion of the first tubular member, 
30 whersin the inside dteimeter of the radially expanded shoe is greater 

than or substantially equal to the inside diameter of the radially 
expanded second tubular member; and 
whersin the inside diameter of the radially expanded second tubular 
member is substantially equal to the Inskle diameter of a 
35 nofKivertapping portion of the first tubular member. 
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